Recent experimental data at the Large Hadron Collider (LHC) confirmed that the soft sector azimuthal anisotropies in central XeXe collisions are sensitive to deformations in the wave function of the Xenon nucleus. Additionally, the CMS experiment found that D meson flow is slightly suppressed compared to other particle species when considering quark number scaling in small systems of pPb compared to PbPb. In this talk we used the D and B Mesons Modular (DAB-MOD) code coupled to Trento+v-USPhydro to calculate the R AA and v n 's of D mesons using different energy loss models and Langevin techniques. Comparing D mesons R AA and v n in PbPb to XeXe collisions it is found that in central collisions D meson azimuthal anisotropies are sensitive to details in the nuclear structure wave function of Xenon. Additionally, we find that in mid-central collisions the smaller system size of XeXe suppresses D meson flow.
Introduction
Two of the crucial signals of the Quark Gluon Plasma (QGP) -the most perfect fluid known to humanity -are collective flow and energy loss. Collective flow of long range correlations has been measured via the Fourier coefficients of the particle spectra i.e. v n {m} where n indicates the harmonic and m the number of particles correlated. While a finite v 2 {m} arises primarily from the geometry of the overlap between two heavy ions, the measured finite v 3 {m} exists because of the quantum mechanical fluctuations of the position of the nucleons in the overlap region [1, 2] . Energy loss is measured via the nuclear modification factor R AA where the ratio of the particle spectra in a large AA system is normalized by the particle spectra in a pp collision all normalized by the number of binary collisions. When no energy loss is experienced R AA → 1 otherwise for a suppression R AA < 1 (for a review see [3] ).
The dynamics of the soft sector of the strongly interacting soup of quarks and gluons can be described very well via event-by-event relativistic viscous hydrodynamical models that assume an almost vanishing shear viscosity to entropy density ratio [4, 5, 6, 7, 8, 9] . For the hard and heavy flavor sector additional energy loss mechanisms are needed in order to describe the suppression of both high transverse momentum, p T 10 GeV and heavy quarks particles as they lose energy traveling through the dense QGP. Additionally, it was found in recent years that realistic hydrodynamical medium was required in order to describe the azimuthal anistropies of these hard probes [10, 11] (especially v 3 and multiparticle cumulants [12] ).
When the QGP was first discovered, heavy AA collisions were explored because it was thought that only a large system would be able to produce the QGP. However, in recent years it has been found by a variety of experiments [13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33 ] signals for the QGP in small systems such as pPb, dAu, 3 HeAu, pAu, and possibly even pp, which have been reasonably well reproduced and predicted by relativistic hydrodynamics [34, 35, 36, 37, 38, 39, 40, 41, 42] (although a number of questions still remain). At the same time in small systems the nuclear modification factor was equivalent with 1 [43] , which implied that no energy loss was seen or that the definitions of energy loss had to be refined in small systems. However, a surprising recent result was then released by the CMS collaboration in pPb collisions where they found that the heavy flavor sector still produced a significant v 2 but that a suppression was seen compared to other lighter particles [16] .
Because of these recent results from CMS, we use D mesons as a test bed for energy loss in small systems. In this proceedings we explore the sensitivity of D mesons to the system size, specifically making the comparison between PbPb and XeXe collisions, which were recently ran at the LHC. However, XeXe collisions provided a surprise beyond system size effects. Assuming a spherical Xenon nucleus, hydrodynamic predictions of v 2 {2} in central collision for the ratio of XeXe/PbPb collision significantly under-predicted the experimental data [7, 6] , however, the inclusion of a deformed Xenon nucleus shifted the theoretical predictions closer to the experimental data [7] . Since this is an effect that is only seen in central collisions, a PbPb to XeXe comparison allows a test of both system size dependence (in the 30 − 50% centrality class) and the sensitivity to a deformed nucleus in the heavy flavor sector (in the 0 − 10% centrality class).
Model
In recent years it was found that a more realistic description of the QGP medium is a necessary tool for simultaneously reproducing the nuclear modification factor R AA and the high p T and heavy flavor azimuthal anisotropies v n {m}(p T ) [44, 10, 11, 45] . Therefore we include a realistic event-by-event description of the medium coupled to modular heavy flavor code using Trento+v-USPhydro+DAB-MOD. The initial conditions are generated using Trento [46] where p = 0, σ = 0.51 fm, and k = 1.6 for PbPb 5.02 TeV and for XeXe 5.44 TeV (note for Xenon we use the deformed Wood-Saxon parameters described in [47, 7] ). The hydrodynamic model is v-USPhydro [48, 49, 50] where we use the same parameters for LHC run 2 as in [51] where τ 0 = 0.6 fm, η/s ∼ 0.05, and T FO = 150 MeV. To describe the heavy flavor sector we run DAB-MOD [45] a modular Monte Carlo simulation that samples heavy quarks using distributions from pQCD FONLL calculations [52, 53] , implements either a parameterized energy loss model+energy loss fluctuations or a Langevin model, and then this is followed by fragmentation functions and coalescence to obtain the final particle yields.
In order to make predictions for smaller systems size we hold all our parameters fixed based on the PbPb 5.02 TeV results, which have already been well-tested compared to experimental data [54] . Then the system size dependence arises through the initial conditions+hydrodynamical backgrounds calculated within Trento+v-USPhydro that were already discussed in detail in [55] .
Deformed Xe
The geometry of the initial conditions can be quantified using the vector quantities of eccentricities
which are very strongly correlated with the final flow harmonics vector on an event-by-event basis in the soft sector [56, 57, 58, 59, 60, 61] , high p T all charged particles [11, 10] , and the heavy flavor sector [44, 45] . We will mostly be focusing on only the magnitude of the eccentricities, ε n , in this paper due to the changes it experiences for deformed nucleus as well as system size dependence.
In Fig. 1 we compare the effect of the ratio of the eccentricities in XeXe to PbPb for ε 2 and ε 3 . For spherical AA collisions we generally expect that in central collisions ε 2 and ε 3 are inversely proportional to the system size (see Fig. 10 from [55] ). Since the radius of Xenon is smaller than Lead we generally expect that the v n 's will also be larger, which is seen in the right plot in Fig. 1 for both the experiment and theory. However, what is also clear is that the prediction for a spherical Xenon nucleus significantly underpredicts the experimental data for v Xe 2 {2}/v Pb 2 {2} in central collisions. The theoretical prediction for a deformed Xenon nucleus is closer to experimental data (CMS [62] , ALICE [63] , and ATLAS [64] ) but still slightly somewhat undepredicts the effect [65] , it may be that a larger deformation is required or that other nuclear structure effects are missing from heavy-ion initial condition models. Finally, it should be clear that the effect of the deformation is only relevant in central collisions. For more peripheral collisions the dominating geometrical effect comes from the impact region itself.
In Fig. 2 On the left, ratio of the eccentricities of Pb Pb/Xe Xe collisions at the LHC calculated using TRENTO [46] . Figure taken from [7] . On the right, theory predictions from trento+v-USPhydro with and without a deformed Xe nucleus compare to experimental data from [64] 10 0 10 1 centrality class. We find a small enhancement in v 3 {2}, which is consistent with the soft sector results from [7, 55] . This enhancement arises due to the universal scaling of v 3 {2} with Npart as demonstrated in Fig. 17 from [55] . Since v 3 {2} has a maximum in N part ≈ 100 and central XeXe collisions have an N part ≈ 200 − 250 compared to PbPb's N part ≈ 310 − 415 then one expects a continually growing v 3 {2} as N part → 100. We note that the v 3 {2} result has nothing to do with a deformed nucleus since both a prolate and spherical nucleus are in agreement. More interestingly, however, is v 2 {2} that shows a clear enhancement for a prolate Xenon nucleus whereas for a spherical Xenon nucleus one predicts that it should be suppressed at intermediate p T 's. This is a quite interesting result because it is not even happening in just the ultracentral collisions where the original XeXe effect of deformation was most sensitive [7] but rather in the 0 − 10% centrality class. Additionally, it appears that intermediate p T (p T = 2 − 5 GeV) is the most sensitive to the deformation, which is also surprising. Returning to our original purpose of studying the system size dependence of D mesons v n {2}(p T ) we now compare PbPb collisions to XeXe collisions. In Fig. 1 it was shown that the eccentricties are identical for the spherical and deformed Xenon nucleus for any collisions in centralities more peripheral than ∼ 20%. Thus, exploring comparisons in the 30 − 50% centrality class is certainly safe from deformation effects. Indeed, in Fig. 3 we compare both v 2 {2}(p T ) and v 3 {2}(p T ) from PbPb collisions and XeXe collisions and see that there is no significant difference between the prolate and spherical Xenon nucleus.
From the eccentricities shown in Fig. 1 we expect that v Pb
, which is what is found in the soft sector [65] . While the prediction from the eccentricities for v 2 holds for D mesons, we find that v Pb 3 {2}(p T ) > v Xe 3 {2}(p T ), which is in contrast to both the eccentricities predictions and what is seen in the soft sector. There are a number of reasons why this may occur, for instance, the higher decoupling temperature that we use in the heavy flavor sector or the possibility that there is a nontrivial interplay between v 3 with the physics of the heavy flavor sector i.e. energy loss, fragmentation functions, or coalescence. However, we also note that this suppression of the expected v n 's in smaller systems is consistent with what CMS found comparing pPb to PbPb collisions. Thus, we are encouraged that the heavy flavor sector can provide new information on the question of energy loss in small systems.
Conclusions
In conclusion, we have made the first event-by-event azimuthal anisotropies predictions in XeXe 5.44 TeV collisions (note previous predictions were made for XeXe collision on top of a non-fluctuating background using a Bjoerken expansion in [66, 67] ). We find that surprisingly enough that D mesons are sensitive to a deformed 129 Xe in the 0 − 10% centrality class and that this effect is enhanced in the range of p T ∼ 3 − 5 GeV. From this we conclude that it would be very interesting for experimentalists to compare D meson azimuthal anisotropies in deformed AA collisons (such as Uranium or the upcoming isobar run) as well.
In mid-central collisions of 30 − 50% centrality we have shown that there is a suppression of the v n {2}(p T )'s due to system size effects. From the eccentricties alone, one would expect a small suppression on the order of a few percentage points such that v Xe 2 {2} < v Pb 2 {2} in midcentral collisions but that cannot explain the over 20% suppression of D mesons v Xe 2 {2} compared to v Pb 2 {2}. Thus it appears that D mesons are more sensitive to system size effects. We have not yet checked the sensitivity to other medium parameters such as τ 0 [68] and η/s in peripheral collisions [11] . It also remains to be seen if the hard and heavy flavor sector are sensitive to the equation of state as explored in [51] , which could be connected to the initialization time as well.
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